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Heterobimetallic Complexes of Platinum(ll)
with Diferrocenylphenylphosphine and their in
Vitro Activity Against P388 Leukaemia
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Four platinum(ll) complexes of the general
formula cis-[Pt{(Ferr) ,PhP}DMSO)X,], where
X2=Cly, C04, 02(CO),(CeH11)2 and Ox(CO),-
CCH,CH,CH,, have been synthesized and
characterized physicochemically and spec-
troscopically as the first heterobimetallic plati-
num(ll) complexeswith the ligand diferrocenyl-
phenylphosphine (Ferr =ferrocenyl). These
complexeswere testedin vitro againstleukaemia
cell line P388using the MTT assay.The results
obtained were comparedwith thoseof cisplatin,
carboplatin, oxaliplatin and 5-fluorouracil.
Copyright © 1999John Wiley & Sons,Ltd.
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INTRODUCTION

Sincethe Rosenberg'sliscovery that cis-dichlor-
odiammine platinum(ll) complex, i.e. cis
[Pt(NHs),Clo] (cisplatin) has potent antitumour
activity, severalamino—platinumcomplexes(Fig-
ure 1) were preparedand examined for their

antitumour  activity. Hence, carboplatin,
[Pt(NH3)2{O »(CO)L,CCH,CH,CH,}], and oxali-

platin, [Pt(DACH)C,O,4] or oxalato(1R,2R-cyclo-
hexamedlamme) platinum(ll), have been dis-
covered and are used as drugs againstcertain
typesof tumours.

Other platinum complexeswith various neutral
aminoligandshavebeensynthesizedndtestedfor
their antitumouractivity with mixed successthey
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havebeencoveredby atleasttwo rewewartlcleé1 s
andnumerouspatentse.g. Ref$ 2,

Complexes with neutral Ilgands other than
nitrogencontainingones.e.g.phosphinehavealso
been synthesizedand testedfor their antitumour
activity. The metallophosphinel,1-bis(diphenyl-
phosphino)ferrocendias been widely used as a
mono-anddi-phosphindigand in the synthe5|sof
heteroE)onmetaIImomplexeswlth gold > plati-
num->** and other metals!* Complexes with
diferrocenylphenylphosphe, (Ferrp,PhP, were
uncommonand as far as the literature is con-
cerned no platinum complexeswith this ligand
have been reported. We therefore attemptedto
prepare some platinum(ll) complexes of this
ligand of the generalformula cis-[Pt{(Ferr),PhP}
(DMSO)Xo] (X2=Clp, Cy04 Ox(COR(CeH11)2
and O,(CO),CCH,CH,CH,) and to examinethe
antitumour activity of these complexesagainst
leukaemiacell line P388. Prellmlnarywork was
presented in part, at conferenc® and else-
wherel®

EXPERIMENTAL

TheH, °C and®P NMR spectravererecordedat

JordanUniversity, Amman, Jordan,on a Bruker

300MHz spectrometerusing CDCl; as a solvent
with tetramethylsnane(TMS) as an internal stan-
dardfor *H and**C NMR andtrlmethyl phosphine
(TMP) asan externalstandardor 3

HaN
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Cisplatin Carboplatln Oxaliplatin

Figure 1 Amino—platinum complexes with antitumour
activity.
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K:PtCl; + DMSO  ——* cis-[Pt(DMSO).Cl;} + K[Pt(DMSO);Cl}+ KCI
PtCl; + DMSO — cis-[P{{DMS0).Cl,]
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Schemel The preperativeroutefor complexesl—4.

IR spectrawere recordedon a Nicolet (Impact
400) FTIR spectrometerin the range 4000—
400cm ! using KBr discs. Elementalanalysesof
the complexeswvereperformedat the University of
Ulm, Germany.

Starting materials

The compoundsPtCh, K,PtCl, H>C,0,4-2H,0,
C6H11COOH and éHzCHzCHzt(COOHk were
commercial products (Fluka) and were used
without further purification. The compounds
Cis[Pt(DMSO)CI,], [Pt(DMSO)L(C,0y4)], cis
[Pt(DMSO)(CegH1,CO0)] and cis-
[Pt(DMSO)L{0(CO),C-CH,CH,CH,}] (DMSO-
dimethyl sulphoxidezwere preparedas described
in our previouswork.*°

Copyright© 1999JohnWiley & Sons,Ltd.

The complexescis-[Pt{(Ferr),PhP} DMSO)X]
were preparedaccordingto Schemel.

Preparation of cis-
[Pt{(Ferr),PhPH{DMSO0)X,]

Eachcompkex cis-[Pt(DMSO}LX,] (X5 =Cly, C,0,,
OZ(CO)Z(CGHll)Z and Oz(CO)zCCH2CH2a:H2)
(5 mmol) was suspendedn chloroform (40mL),
the ligand (Ferrp,PhP (5.02mmol) was addedand
the mixture wasstirredvigorously underreflux for
ca 60min until dissolution was complete. The
reactionmixture wasfiltered throughsilica gel, the
clearorangesolutionthusobtainedwasreducedn
volumeto ca 10 ml andn-hexanewasaddedto the
point of turbidity. The mixture was left in the
refrigerator overnight and the yellow—orange

Appl. OrganometalChem.13, 63—68(1999)
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Table 1 Physicalpropertiesof complexesl—4

Analysis(%) Found(Calcd) SelectedR bands(cm %)?

Yield M.p.
Complex (%) (°C) Formula C H v(S=0) v(C=0)
1 95 184-190(dec) CugH2oCl,PSOFgPt 40.9(40.7) 3.5(3.7) 1139s
2 88 170-180(dec) C42Hs5,05PSFePt 49.9(50.2) 5.0(5.1) 1145s 1627m
3 76 210-230(dec) C3oH290sPSFePt 42.8(42.9) 3.6(3.5) 1140s 1706s,1675s
4 88  212-220(dec)  CgsH3s0sPSFePt 45.2(45.7) 4.2(3.9) 1145s  1660s, 1643s

2 For IR bands;S, strong;m, medium.

Table 2 *H and®P NMR data? ¢ (ppm)andJ (Hz) of complexesl—4

"H NMR 3P NMR
0(CH3/DMSO) 0(CH(2,3))
Complex [33(Pt-H)] (CsHs) (CH(4,5)) (CeHs) o(Others) J(Pt—P)
1 3.5s(6H) 4.3s (10H) 4.5dsep(4H) 7.3-7.5m 3768.5
[21.5] 4.6dsep(4H)
2 3.2s (6H) 4.3s (10H) 4.6dsep(4H) 7.4-7.9m 1.1-1.9m (CgH1q) 3907
[20.5] 4.6dsep(4H)
3 3.4s(6H) 4.4s (10H) 4.3dsep(4H) 7.5-7.7m 3898.5
[21.6] 4.5dsep(4H)
4 3.3s(6H) 4.4s (10H) 4.3dsep(4H) 7.5-7.8m 2.0q (2H) (CHy) 3933
[20.6] 4.6dsep(4H) 2.9dq (4H) (CH,)»

@ Downfield from internal TMS for *H and from external TMP for **P NMR, using CDCl; assolvent;s, singlet; m, multiplet; g,

quintet; dqg, doubletof quintets;dsep,doubletof septets.

crystalsthus formed were filtered, washedseveral
timeswith n-hexaneanddried undervacuumat ca
80°C for severalhours.

Biological work

Complexes

Thefour complexesl—4(Schemel) weredissolved
in 10% DMSO. Serial dilutions of 0.1, 1.0 and
10.0pgmL~* were used and Millipore (0.2um)
filtered underlaminar flow conditions.Reference
standarddcisplatin,carboplah and 5-fluorouracil
(5-FU)] werepurchasedrom Bristol Myers Squibb
(USA) andoxaliplatin waspreparedcharacterized
andpurified (HPLC) in our laboratories.

Cell lines

P388 cells were kindly supplied by Dr S.
Tsukagoshiof the JapanFoundationfor Cancer
Research.They were maintainedin RPMI-1640
medium (Nissui PharmaceuticalCo. Ltd) and
supplementedvith 5% foetal calf serum (Mitsu-
bishi ChemicalIndustry Co. Ltd) and kanamycin
(100pg mL™Y).

Copyright© 1999JohnWiley & Sons,Ltd.

Cytotoxicity assays

The cells (3 x 10° cells/well) were cultured in

Corning disposable 96-well plates containing
100ul of growth medium per well and were
incubatedat 37 °C in a humidified atmospheref

5% CO.,. Variousdrug concentrationg10pl) were
addedto the culturesat day 1 afterthe transplanta-
tion. At day 3, 20ul of MTT (3-[4,5-dimethyl-
thiazoI—2—yI]—2,5—diPhenyIterazoIium bromide
solution (5 mgml™—) per well was addedto each
culturedmedium.After afurther4 h of incubation,
100ml of 10% sodiumdodecylsulphat-01m HCI

solutionwasaddedto eachwell andthe formazan
crystalsin eachwell weredissolvedoy stirring with

a pipette. Absorbance was measuredwith a

microplate reader(Tohso MPR-A4i) with a two-

wavelengthsystem(550 and 700nm). In all these
experiments,three replicate wells were used to

determineeachpoint.

RESULTS AND DISCUSSION

Thephysicalpropertieof complexesl—-4arelisted
in Table 1 and their NMR data are compiledin

Appl. OrganometalChem.13, 63—68(1999)
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Table 3 *3C NMR data? § (ppm)andJ (Hz) of free (Ferrp,PhPandcomplexesl—4

Ferroceneassignments

Phenylassignments

Carboxylateassignments

DMSO C))  U(CY) UG  H(C) H(Cs) S(Cy  H(Cp)  H(Cs)  H(Ca) ‘
Compound §(CHz)”  6(CsHs) [J [J] [J] [J] [J] [J] [J] [J] M 0(C) 0(C) (Cg (Ch) 0(CO)
(FerrpPhP 69.1s 77.9d 72.0d 69.9d 70.5d 72.7d 39.2d 133.9d 127.9d 128.8b

45 (23 [B9  [B2 [57 [B7 21 [16 —

1 46.5s 70.5s —¢ 74.6d 70.7d 71.8 74.8d — 131.7d 127.7d 130.9b
[18.9] [9.8]  [8.3] [16.7] [113] [11.6] —

2 45.0s 70.5s —¢ 73.3d 71.1d 71.1d 74.5d — 9 131.9d 127.7d 130.7d 46.5b 29.9s 259s 26.1s 180.4s
[10.9] [9.1]  [9.1] [13.0] [115] [11.7] [2.9] 302s 26.0s 26.2s

3 45.0s 70.4s —¢ 73.3d 71.2d 72.5d 74.8d — 9 132.0d 128.2d 130.8b 165.1s
[125] [95] [8.6] [LL.0] [113] [11.7] —

4 44.0s 70.3s —° 73.8d 71.0d 72.3d 74.4d —9 132.0d 128.0d 131.5d 55.0s 31.0s 16.0s 176.3s
[12.4] [95] [82] [L0.1] [11.2] [12.4] [2.3]

3 2 2

& Downfield from internal TMS, using CDCl; assolvent;s, singlet; d, doublet;b, broadsignal.

® The 1*%Pt-°C coupling constantscould not be obtaineddueto insufficientsignal-to-noiseatio.
¢ Signalobscuredy the signalsof CHCls.

9 Signalobscuredby noise.
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Table 4 Cytotoxic activity againstthe P388 cell line of
complexesl—4, with references

Compound ICso (ngmL™Y
1 0.21

2 5.0

3 1.8

4 0.23
Cisplatin 0.17
Carboplatin >10
Oxaliplatin >10
5-FU 0.15

Tables2 and3. Thereactionof cis-[Pt(DMSOLX ]
with 1/mol of the ligand (FerrpbPhP affords
complexes1-4 in which the phosphineligand
displacesone DMSO molecule. The remaining
DMSO moleculein thesecomplexesvasidentified
by its v(S=0) IR absorptionband,which appears
clearlyatca 1140cm™?, indicatingS-bondingwith
platinum?° Furthersupportfor this argumentis the
protonsignal apgearing'n the *H NMR spectraat
~ 3ppmandJ(***Pt—-SC2H) 21 Hz, indicatingthe
presenceof coordinatedDMSO in the complex
with S-bonding?* Similarly, the *3C NMR signal
for coordinated DMSO which appearsat 6 ~
45ppm gives additional supportfor the presence
of aDMSO moleculein the coordinationsphereof
the complex.

The *H and**C NMR data(Tables2 and3) for
theorganicspecie®f the complexesl—4arewithin
the expectedrangesof valueswith small differ-
encesFor example the **C NMR datafor carbon
atomsof boththe CsH,4 ring (attachedo phosphine)
and the CsHs ring (of the free ligand) (Table 3)
show some downfield shift (ca 1.5ppm) with
higher C—P coupling constantsupon coordination;
thisis clearlydueto coordinatiorof phosg)hinewith
platinum.It shouldbe notedherethatthe **C NMR
data(Table3) of thecyclohexangartof complex2
showsanunusuafeature jn the*C NMR spectrum
revealsthe presenceof two different cyclohexyl
groups (two signalsfor eachof C2,C3,C4and a
broad one for C1). This does not mean that a
mixture of two complexegogetheris presenin the
solid stateratherthan one complexwith the cis-
configuration, since all the spectroscopicdata
indicate the presenceof one isomer. It is more
likely thatboththe cyclohexylgroupsof complex2
have two different stereo geometries,i.e. non-
symmetricalgroups.The **P{*H} NMR spectraof
all the complexeg1-4) revealthe presencef one
simple triplet of intensities ca 1:4:1 with

Copyright© 1999JohnWiley & Sons,Ltd.

J(*°*P-31P) values ranging between 3768.5 and
3933Hz. This meansthat, in all cases,a single
componenis presentin solutionandalsothat the
largeJ value(above2500Hz) assigningclearlyto a
cisisomer ratherthanatransisomer,is present
the two electronegativggroupsCl~ (complex1) or
O (complexe2—-4) arein acisrelationshipto each
otherandin atransrelationshipto bothDMSO and
(Ferry PhPligands.

It should be noted that many unsuccessful
attemptswere madeto reactcomplexesl—4 with
nitrogen-containingligands, e.g. pyridine, cyclo-
hexylamine,3,5-dimethylaniline 3,5-dimethylpyr-
azoleandthe alkaloidsharmalineor harmine.The
aimof theseattemptss to obtainnewcomplexesy
replacingthe remainingDMSO moleculeof com-
plexes1-4 by nitrogenoudigands®*”8|t seems
likely that the bulky ligand (Ferr,PhP does not
allow extraaccommodatiorfor thesenitrogenous
ligandsto coordinatewith platinumin placeof the
smallerDMSO ligand.

Cytotoxicity evaluation

The cytotoxic activity in vitro of complexesl-4
wasevaluatedagainstthe leukaemiccell line P388
usingthe (MTT) assayTheresultsaresummarized
in Table4, with valuesfor the referencestandards
usedin the presentstudy: cisplatin, carboplatin,
oxaliplatin and 5-fluorouracil (5-FU). As Table 4
shows,1-4 all exhibitedcytotoxic activity against
the leukaemiccell line, but complexesl and 4
posses&n excellentactivity when comparedwith
complexe® and3. ThelCsg valuesof complexesl
and 4, i.e. 0.21 and 0.23ugmL "%, respectively
display activity more than three ordersof magni-
tude strongerthan carboplatinand oxaliplatin. On
the other hand, they showedmore or less similar
activity to thoseof cisplatinand5-FU. Theseresults
arethereforevery promisingandfurther studiesare
in progressin our laboratories to test these
complexesagainstother cell lines, suchas A549
(lung adenocarcinomagW948(coloncarcinoma),
KB (oval epidermoidcarcinomajandT47D (breast
carcinoma).
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